Recently, so-called phenolformaldehydeurea resins, which are generally made only by mechanical blending of UF resin and alkaline type PF resins, have been used as adhesives for the manufacturing of wood products.
Introduction
Among thermosetting polymers, phenolformaldehyde (PF) resins, as the rst fully synthetic polymers formed from phenol reacting with formaldehyde, have been extensively used in many areas [1] .
Phenol and urea formaldehyde resins have dominated such areas as the wood adhesives and molding plastic for many years. only by mechanical blending of UF resin and alkaline type PF resins, have been used as adhesives for the manufacturing of wood products [2] .
In the past decade years, many attempts have been made to accelerate the PF resins cure, including using various catalysts and additives such as amide, amines, carbonate, metallic ion, etc. Faster curing PF resins can be also prepared by the addition of urea during or after the resin synthesis to yield co-condensed phenolurea formaldehyde (PUF) resins [3] . Considerable attention has been given to PUF co-condensed resins to improve the curing behavior, decrease formaldehyde odor, and reduce the resin cost signicantly [4] . Therefore, it is important to understand in more detail the reactions involved, the structures and compositions of the resins and their relation to experimental conditions [1] . Organoclay produced by surface modications of clay minerals with * corresponding author; e-mail: cdogar@erzincan.edu.tr cationic surface active agents has received attention because it allows the creation of new materials nanocomposites and new applications [5] . Red RB as a dye stu which is a commercial reactive textile dye [7] were used without further purication (see Fig. 1 ). The chemical and mineralogical compositions for the raw clay which has been used to prepare the colored organo clay are given in Table I and also it's the some physical properties in Table II. XRD diractograms for the raw clay, the synthesized organoclay and CTAB (cetyltrimethylammonium bromide) (Fig. 1a) , and the commercial organoclays (Fig. 1b) are given together with the hypothesized formula of dye in Fig. 1 .
As seen from this gure, a wide smectite peak for raw clay at 68
• has shifted to left. This depicts that intercalation of CTA + ions from solution into the interlayer region of the clay has occurred and the CTA + ions adsorbed to the surface of clay platelets lead to a signicant increase in the basal distance. Table III . The faster reaction of urea than phenol with the phenolic methylol group under alkaline conditions as well as the possibility of reaction with phenol of the methylol groups was formed by the additional attack of HCHO on urea; the latter reaction drives the reaction of HCHO on urea, an equilibrium, in favor of methylol ureas and subsequent products [8] . The urea addition can be done in three dierent manners: at the beginning, at three dierent middle stages, and at the end of PF resin synthesis ( Fig. 1) [9].
1. Addition of urea in the beginning of resin synthesis.
2. Addition of urea at three dierent middle stages of resin synthesis.
3. Addition of urea at the end of resins synthesis.
In addition, proposed structure of the alternating copolymer from urea and 2,4,6-triethylolphenol was shown in Ref. [10] . 3. Results and discussions
FTIR analysis
The analysis results for FTIR spectra for virgin resin, commercial organoclays and the composite in various contents are examined (see Table III ). 
XRD and HRTEM analysis
The structure of the nanocomposites is typically elucidated using XRD and TEM. Although XRD oers a convenient way to determine the interlayer spacing of the silicate layers in the nanocomposite, it is not possible to obtain conclusive results from this technique. XRD and TEM are often combined to ensure the conclusion derived from separate analysis [16] . The microstructure of the PUF composites was studied by HRTEM. In the micrographs in Fig. 3 , the dark lines represent the clay layers, and the gray clouds represent the resin matrix [17] . HRTEM micrographs and XRD diractograms for COPUF12 (a1; a2), COPUF13 (b1; b2), COPUF14 (c1; c2), COPUF15 (d1; d2), and COPUF16 (e1; e2), respectively.
From Fig. 5 , it can be seen that a typical crystal peak in the composites studied at 20
• appears, probably due to the formation of the cross-linked lattice in the resins as a result of the stimulated eect of organoclay on crystallization. In addition, the wide peaks appearing about 4
• at all of the composites, except for OPUF3 and OPUF11, can be attributed to the intercalation of polymer chains to the interlayer region of the clay and the tactoidal dispersion of some platelets intercalated of the polymer chains. The characteristic peak shifts to the left with the increased ratio of the organoclay. On the other hand, it should be noticed that a little second peak at the right of the diractograms appeared with the increased ratio of the organoclay. These peaks may be correlated to the formation of the linear or cross-linked polymeric chains with dierent sizes. This may also be realized from their HRTEM micrographs.
From Fig. 5 it can be seen that at all of the composites, a broad peak at 2θ = 20
• appears and its intensity gradationally reduces with the increased ratio of the clay. This peak in the case of COPUF16 completely disappears, showing that the platelets of the clay have exfoliated in the polymeric matrix [13] . According to this, it may be said that the lower amount of organoclay exhibits a stimulant eect in terms of the nucleation of polymer chains, but as the platelets of the clay uniformly dispersed in the polymeric matrix increase, the steric barrier of these exfoliated platelets counter to the nucleation and/or tertiary interactions of the linear polymer chains predominates.
The HRTEM micrographs and XRD diractograms for these composites clearly show that the anionic dye molecules adsorbed on clay plates directly aect the formation of the polymeric lattice. As can also be seen from their FTIR spectra, the number of CH 2 bridges established over the phenol ring at the polymeric chain increased with increasing of the clay content. The fact that the colors of these composites are exactly the same with the color of colored organoclay may reveal that the chromophore groups of dye molecules do not play an active role in the polymerization.
Conclusions
• In this work, OPUF and COPUF composites were prepared by in situ polymerization method.
• In FTIR analysis, it was seen that the peak intensities of all composites, except for OPUF6 increase with increased organoclays content. This may be explained to the better dispersion of clay particles in the matrix or steric interference to such interactions resulting from the increase in the amount of the clay.
• HRTEM analysis shows that the lower ratio of organoclay aected negatively the crystallization of polymer and the exfoliated layers of the organoclay were homogeneously dispersed in the polymeric matrix.
• The HRTEM and XRD analysis results of the COPUF can be revealed that platelets of the clay have exfoliated in the polymeric matrix and the lower amount of organoclay exhibits a stimulant eect in terms of the nucleation of polymer chains, but as the platelets of the clay uniformly dispersed in the matrix increase, the steric barrier of these exfoliated platelets counter to the nucleation and/or tertiary interactions of the linear polymer chains predominates.
